Powdery mildews are obligate biotropic fungal parasites responsible for disease on a wide range of host plants. They are easily recognizable as white powdery growth on leaves, shoots and sometimes on flowers and even on fruits. This checklist of powdery mildew fungi of Himachal Pradesh, India is based on an exhaustive bibliographic survey of the literature. Fifteen genera (Blumeria, Erysiphe, Euoidium, Golovinomyces, Leveillula, Microsphaera, Neoerysiphe, Oidium, Oidopsis, Phyllactinia, Pleochaeta, Podosphaera, Pseudoidium, Sphaerotheca and Uncinula) and 92 species of powdery mildew have been recorded from the state. About 168 plant species belonging to 122 genera and 49 families are infected by these fungi. Molecular studies of powdery mildew fungi from Himachal Pradesh are needed to revise and to classify these fungi in their correct taxonomic position.
Himachal Pradesh is a hilly state covering an area of 55,673 sq. km and situated in the heart of Himalaya in the northern part of India (Fig. 1) . The state extends between [30] [31] [32] [33] It is a mountainous state with elevation ranging from about 350 meters to 7,000 meters above sea level. Climatically the state varies from hot and sub-humid tropical in the southern tracts to cold, alpine and glacial in the northern and eastern mountain ranges with more elevation. This is perhaps one of the reasons for the variable and rich biodiversity in the state. Dense evergreen to deciduous forest covers 66% of the state. Alpine shrub and meadows are distributed in west and northeast Himalaya with alders, birches, rhododendrons and moist alpine shrubs. Orchards are widely scattered and Himachal is said to be the fruit bowl of India. There are 12 major national parks and sanctuaries to conserve the flora and fauna of the main Himalayan range.
Powdery mildew fungi produce specialized absorption cells (haustoria) which extend into the plant epidermal cells to gain their nutrition. Asexual spores (conidia) are produced either singly or in chains on specialized hyphae (conidiophores). Sexual spores (ascospores) are enclosed in spherical fruiting bodies (chasmothecia). The chasmothecia generally do not have any natural opening, hence, asci and ascospores are released when a crack develops in its outer thick wall. A variety of appendages may occur on the surface of the chasmothecia which are sometimes useful to identify the fungus, at least to genus level. The appendages are thought to help attach the fruiting bodies to the host, particularly to the bark of woody plants, where they overwinter. Besides morphology-based taxonomy, powdery mildew fungi are now going through DNA sequence data, which is not only helping to revise the existence of many fungal species, but to determine their taxonomic position as well.
Materials & Methods

Data collection
The checklist was prepared by using following sources of information: 1. Field surveys carried out from 2012 to 2016 in various localities of lower regions of Himachal Pradesh. Infected leaves were examined primarily with a hand-lens and then with a dissecting microscope for the presence of mildew symptoms. A piece of clear adhesive tape was placed on infected leaves and then stripped off to remove fungal structures. The tape was then placed on a microscope slide with a drop of distilled water. The microscopic observations were carried out for morphological characteristics of mycelia on the host, appressoria, size and shape of conidia, conidiophores and chasmothecia. 2. Exhaustive bibliographic survey of the literature published in various national and international journals, books, and magazines. The literature consulted for present study included several books on Indian fungi including: Erysiphaceae of India (Ahmad et al. 2007 ), Fungi of India (Butler & Bisby 1931 , Vasudeva 1960 , Mukherji & Juneja 1974 , Sarbhoy et al. 1975 , 1980 , Bilgrami et al. 1991 , Jamaluddin et al. 2004 , Indian Erysiphaceae (Paul & Thakur 2006b ), Powdery Mildews of India: check list (Hosagoudar & Agarwal 2009) , Taxonomic Manual of the Erysiphales (Powdery Mildews) (Braun & Cook 2012) and New plant fungal diseases during 21st century in India (Gautam et al. 2012 ). In addition, the following papers were consulted (Ahmad et al. 1995 , 1998 , 2006 , Bhardwaj et al. 1985 , Bharat 2003 , 2006 , 2009 , 2010 , 2013 , Bharat & Bhardwaj 2000 , Bharat & Gupta 2010 , Braun & Paul 2009 , Chona et al. 1960 , Gautam 2014a , 2014b , Gautam & Avasthi 2016a , 2016b , 2017 , Gill 1968 , Gill et al. 1961 , Gupta & Bhardwaj 1998 , Gupta et al. 2016 , Kala & Gaur 1983 , Kumar et al. 1975 , Lall & Gupta 1965 , Paul 1984 , 1997 , Paul & Bhardwaj 1982 , 1987 , 2001 , Paul & Kapoor 1983 , 1986 , Paul & Kaul 1988 , Paul & Munjal 1982 , Paul & Pal 1984 , Paul & Thakur 2004a , 2004b , 2006a , Sharma et al. 1992 , 2017 , Singh & Nagaich 1971 , Singh & Raj 1973 , Sohi & Nayar 1969a , 1969b , Sohi et al. 1966 , Soni et al. 1993 , Sydow 1938 .
The names of some powdery mildew species as reported in the cited publications have been replaced by currently accepted names, according to MycoBank (www.mycobank.org) and Species Fungorum (www.speciesfungorum.org) websites and Braun & Paul (2009) .
Results
Fifteen genera and 92 species of powdery mildew are known from Himachal Pradesh. These are recorded on about 168 plant host species belonging to 122 genera and 49 families. The species richness of fungi was highest in Erysiphe (33 species) followed by Phyllactinia (17), Podosphaera (9), Microsphaera (8), Golovinomyces (6), Pseudoidium (3), Uncinula (3), Euoidium, Neoerysiphe, Oidopsis and Sphaerotheca (2 each), and Blumeria, Leveillula, Oidium and Pleochaeta (1 each).
Thirty hosts of family Asteraceae were infected with powdery mildew followed by Fabaceae (28), Rosaceae (18), Solanaceae (7), Salicaceae (9), Polygonaceae (8), Moraceae (8), Amaranthaceae (6), Apiaceae (5), Brassicaceae (5), Lamicaeae (5 each), Ranunculaceae, Betulaceae, Poaceae, Juglandaceae, and Plantaginaceae (4 each), Berberidaceae, Boraginaceae, Cannabaceae, Euphorbiaceae, Fagaceae, Linaceae, Rubiaceae and Ulmaceae (3 each), Acanthaceae, Combretaceae, Cucurbitaceae, Malvaceae, Meliaceae and Menispermaceae (2 each), Anacardiaceae, Apocynaceae, Balsaminaceae, Capparidaceae, Caprifoliaceae, Chenopodicaeae, Cleomaceae, Convolvulaceae, Elaeagnaceae, Ericaceae, Geraniaceae, Lauraceae, Lythraceae, Nitrariaceae, Onagraceae, Papaveraceae, Phyllanthaceae, Rutaceae, Sapindaceae and Vitaceae (1 each). 
Discussion
Being a north Indian hilly state and part of North Western Himalaya, Himachal Pradesh has faourable environmental conditions for growth and development of powdery mildew fungi. Several studies on these fungi have already been carried out in the state (Chona et al. 1960 , Gill et al. 1961 , Lall & Gupta 1965 , Sohi & Nayar 1969 a, b, Singh & Nagaich 1971 , Singh & Raj 1973 , Bhardwaj et al. 1985 , Ahmad et al. 2007 , Gupta et al. 2016 , Gautam 2014 a, b, 2016 a, b, 2017 . Paul & Thakur (2006b) carried out a detailed survey and reported occurrence of the fungi from almost every district of the state.
Although, the number of records from Lahul & Spiti, Mandi, Kangra, Kullu, Solan and Shumla are higher than from other districts, more genera are found in Solan, Kangra and Mandi. There are districts of the state that have not yet been investigated in any detail. We did not find any published record from district Hamirpur. During the literature survey we came across a study conducted by Braun & Paul (2009) in which taxonomy and nomenclature of new Indian powdery mildew taxa described by Paul & Thakur (2006b) were revised and reassessed on the base of the 97 current phylogenetic generic concept of the Erysiphaceae. However, molecular studies of powdery mildew fungi are still required besides morphological taxonomy, which will not only help in revision and reassessment of the existing fungal species, but also help to find their correct taxonomic position as well. As such, we hope that the data presented in this paper will provide both a reference work and be an incentive for further work and encourage others to continue adding to the body of information available on the powdery mildews of North Western Himalaya as well as from India.
